Meningococci causing New Zealand's epidemic, which began in 1991, are defined as group B, serosubtype P1.4 (subtype P1.7-2,4), belonging to the ST-41/ST-44 complex, lineage III. Of the 2,358 group B isolates obtained from disease cases from 1991 through 2003, 85.7% (2,021 of 2,358) were determined to be serosubtype P1.4. Of the remaining isolates, 156 (6.6%) were not serosubtypeable (NST). Molecular analysis of the porA gene from these B:NST meningococcal isolates was used to determine the reason. Most NST isolates (156, 88.5%) expressed a PorA that was distinct from P1.7-2,4 PorA. Fifteen isolates expressed variants of P1.7-2,4 PorA, and a further three expressed P1.7-2,4 PorA without any sequence variation. These three isolates expressed P1.7-2,4 PorA at very low levels, as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis, and showed variation in the porA promoter region. Among the 15 meningococcal isolates expressing variants of P1.7-2,4 PorA, 11 different sequence variations were found. Compared with the P1.7-2,4 PorA sequence, the sequences of these variants contained deletions, insertions, or single-nucleotide substitutions in the VR2 region of the protein. Multilocus restriction typing was used to assess the clonal derivations of B:NST case isolates. Meningococcal isolates expressing distinct PorA proteins belonged mostly to clonal types that were unrelated to the epidemic strain, whereas all meningococcal isolates expressing variants of P1.7-2,4 PorA belonged to the ST-41/ST-44 complex, lineage III. These results, together with those obtained serologically, demonstrate that the P1.7-2,4 PorA protein of meningococci responsible for New Zealand's epidemic has remained relatively stable over 13 years and support the use of a strain-specific outer membrane vesicle vaccine to control the epidemic.
New Zealand has experienced an ongoing epidemic of group B meningococcal disease since mid-1991 (11) . The highest rate of disease to date occurred in 2001, when 650 cases were reported, giving a rate of 17.4 cases per 100,000 people (10) . Elevated disease rates in excess of 14 cases per 100,000 people have continued into 2004. The increased levels of disease are attributable to group B meningococci expressing the P1.7-2,4 PorA protein (11) belonging to the ST-41/ST-44 complex, lineage III (3) . Epidemics of meningococcal disease occur infrequently, and with the exception of group B epidemics can be controlled by the use of polysaccharide-based vaccines (6) . As the group B polysaccharide is poorly immunogenic and an autoantigen, outer membrane vesicle (OMV) vaccines containing subcapsular antigens have been developed to control group B epidemics (6) . Bactericidal antibody responses against OMV vaccines in both animal and human vaccine trials are directed mainly against PorA, and thus immunity is strain specific (17, 20, 26, 36) .
In the absence of a commercially available vaccine against the New Zealand epidemic strain, a tailor-made vaccine has had to be developed. The development and manufacture of a New Zealand epidemic strain-specific vaccine (MeNZB) in sufficient quantities for a nationwide meningococcal group B immunization program for all under 20 years of age were made possible through a partnership between the New Zealand Ministry of Health and Chiron Vaccines, working in collaboration with the Norwegian Institute of Public Health (5) . The decision to use such a vaccine was assisted by demonstration of the highly clonal nature of meningococci that caused the ongoing epidemic (3) and the apparent stability of the PorA protein (10, 11) .
The PorA protein consists of eight surface-exposed loops, with loops 1 and 4 each containing one variable region (VR), designated VR1 and VR2, respectively (9, 29) . Serosubtyping monoclonal antibodies recognize linear epitopes encoded by porA VR1 or VR2 (13, 14) . The P1.7-2 and P1.4 epitopes are located in VR1 and VR2, respectively. Isolates expressing the P1.7-2 epitope have a 3-amino-acid deletion on the carboxy side of the epitope that prevents detection of the native protein by the P1.7 serosubtyping monoclonal antibody (35) . The sequence encoding the P1.7-2 epitope can be identified by DNA sequence analysis. Previously, the P1.7-2,4 PorA protein has been described as P1.7 h ,4 (30) and P1.7b,4 (35) , where P1.7-2, P1.7 h , and P1.7b denote the same genetic variation. From 1991 to the end of 2003, there were 2,358 serogroup B case isolates. All were subjected to serologic typing. However, for 156 (6.6%) isolates, the PorA subtype could not be determined with the monoclonal antibodies used. This study was undertaken to investigate the porA VR1 and VR2 sequences in these 156 group B nonserosubtypeable (B:NST) isolates. We wished to determine the reason for their failure to be serosubtyped and, in particular, if mutations in the regions encoding the P1.7-2 and P1.4 epitopes could be the source. The results of this study will provide baseline information against which any porA variation in clinical isolates, both during and following delivery of the strainspecific OMV vaccine, can be compared.
Nucleotide sequence accession number. The porA sequence for strain NZ02/ 203 was submitted to the GenBank database and has been assigned accession number AY653178. Two meningococcal isolates that expressed a variant of P1.7-2,4 PorA epitope (strains NZ02/203 and NZ02/234) also expressed both the P1.7-2 and P1.4 PorA epitopes but had insertions in the region encoding PorA loop 4. Strain NZ02/ 203 had a 17-amino-acid insertion 11 amino acids away from PorA VR2-4 on the carboxy side. This porA sequence was submitted to the GenBank database under accession number AY653178. Strain NZ02/234 had an extra HV in the amino acid sequence at the start of the PorA VR2 (HVHVVVNNKV ATHVP) compared to the PorA VR2-4 sequence (HVVVNN KVATHVP). The unique porA VR2 sequence found in strain NZ02/234 was submitted to the Neisseria meningitidis PorA VR database (http://neisseria.org/nm/typing/pora) and was assigned to VR2-4-12.
RESULTS

From
The remaining 13 meningococcal isolates that expressed a variant of P1.7-2,4 PorA showed variation in only porA VR2-4 ( Table 2 ). Eleven had deletions of different sizes in the region encoding the P1.4 epitope, including three (strains NZ97/27, NZ99/226, and NZ02/68) with 39-bp deletions encompassing the entire porA VR2 region (Table 2) . Two other meningococcal isolates (strains NZ98/214 and NZ01/56) had unique VR2 sequences involving a single-amino-acid change compared to the P1.4 epitope ( Table 2 ). All unique porA VR2 sequences were searched against the PorA VR database and were given the P1.4-7 to P1.4-11 designations (Table 2) . Immunoblotting showed that the P1.7 monoclonal antibody bound to a band of approximately 42 kDa in all isolates ( Table 2 ). Binding of the P1.4 DNA probe was affected by the size and position of the deletion ( Table 2) . The three isolates (strains NZ96/142, NZ01/278, and NZ02/ 55) that expressed the P1.7-2,4 PorA epitope without sequence variation and yet were NST were examined for protein expression by SDS-PAGE analysis of whole-cell protein extracts. Strain NZ99/226 was also examined because, although it expressed the P1.7-2 epitope, it was recognized only weakly by the P1.7 monoclonal antibody during immunoblotting (Table 2 and Fig. 1B ). Profiles for all four meningococci showed a weak band at the positions corresponding to 40 to 42 kDa on SDS-PAGE gels (Fig. 1A) . Extracts from strains NZ96/142, NZ01/ 278, and NZ02/55 were not recognized by either the P1.7 or P1.4 monoclonal antibodies during immunoblotting (Fig. 1) . To try to establish why strains NZ96/142, NZ99/226, NZ01/278, and NZ02/55 had reduced PorA expression, the porA promoter region was sequenced. Sequencing determined that there was variation in the polyguanidine track between the putative Ϫ35 and Ϫ10 regions of the porA promoter in New Zealand case isolates. Strains NZ96/142, NZ01/278, and NZ02/55 contained a string of 9 guanidine residues, whereas strain NZ99/226 contained a string of 10 guanidine residues. In contrast, four meningococcal isolates with a strong ϳ42-kDa band (strains NZ03/43, NZ03/164, NZ99/38, and NZ99/109) contained either 11, 12, or 13 guanidine residues in the polyguanidine track.
MLRT was used to determine the genetic relatedness of 15 PorA proteins that were typed as RT-42 (n ϭ 2) and RT-154 (n ϭ 1) and three meningococcal isolates expressing the P1.19-3,15 PorA proteins that were typed as RT-42 (n ϭ 2) and RT-154 (n ϭ 1). The only other meningococcal isolates that expressed PorA types distinct from P1.7-2,4 PorA, yet belonged to the ST-41/ST-44 complex, lineage III, had porA types P1.7-2,25 (n ϭ 1) and P1.7,16 (n ϭ 1) and were ST-2763 (which differs from ST-42 by the presence of aroE15 and RT-154).
Between 1991 and 2003 inclusive, five New Zealand case isolates expressing P1.7-2,4 PorA that were not serogroup B were identified. These five isolates were typed as C:2a:P1. MLST showed that strain NZ96/59 had a multilocus sequence type dissimilar to that of any meningococcus deposited in the MLST database (http://pubmlst.org/neisseria), and sequence type ST-2344 was assigned to this combination of alleles. Strain NZ96/211 was type ST-66, which belongs to the ST-8/A4 complex. MLST showed that NZ03/266 belonged to the ST-11/ ET-37 complex. Strains NZ03/236, NZ03/243, and NZ04/8 had the same restriction profile as strain NZ03/266 and were assumed therefore to belong to the ST-11 complex.
DISCUSSION
Throughout New Zealand's meningococcal disease epidemic, the P1.7-2,4 PorA epitope expressed by clinical isolates has been easily identifiable by using the P1.4 subtyping antibody. The presence of 156 B:NST case isolates presented the possibility that the ST-41/ST-44 complex, lineage III, meningococci expressing the P1.7-2,4 PorA epitope were responsible for a larger proportion of epidemic disease than serological typing had indicated. This was determined not to be the case, as the majority (138 of 156, 88.5%) of the B:NST isolates expressed PorA epitopes distinct from P1.7-2,4 PorA. Most of these meningococci belonged to clonal complexes other than the ST-41/ST-44 complex, lineage III, and are therefore not related to the meningococcal isolates causing the epidemic. All 18 NST case isolates that expressed a PorA related to P1.7-2,4 PorA belonged to the ST-41/ST-44 complex, lineage III. These meningococci are genetic variants of the epidemic strain that have arisen during the epidemic.
Four meningococcal isolates that did not express a detectable level of PorA on an SDS-PAGE gel were identified. Three of these contained a porA encoding the P1.7-2,4 PorA epitope but were NST, while the fourth had a 39-bp deletion in porA VR2. The observation that all four meningococcal isolates with reduced PorA expression contained a polyguanidine tract with 9 or 10 guanine residues between the putative Ϫ35 and Ϫ10 regions of the porA promoter has previously been reported (22, 27) . It has been suggested that the presence of 11, 10, or 9 contiguous guanidine nucleotides in the promoter region is associated with high, medium, or no expression of PorA mRNA, respectively (28) . It has also been suggested that the level of PorA expression is affected by substitutions in the polyguanidine tract (22, 27, 28) . No New Zealand case isolate was identified in which a guanidine nucleotide in the polyguanidine track was replaced by an alternative nucleotide has been identified.
The inability to serosubtype isolates expressing variant P1.7-2,4 PorA was due mostly to the presence of mutations in porA VR2-4. Both deletions and single-nucleotide substitutions in porA VR2-4 compromised the ability of the subtype P1.4 monoclonal antibody to recognize the VR2 epitope in a wholecell enzyme-linked immunosorbent assay. The binding of the P1.4 DNA probe and the P1.4 monoclonal antibody to porA and the PorA protein, respectively, was affected by the size and position of the VR2-4 mutation. The insertion of 2 amino acids on the amino side of the P1.4 epitope, as well as the insertion of 17 amino acids on the carboxy side of the P1.4 epitope, resulted in the inability of the P1.4 monoclonal antibody to bind. The insertions appear to have modified the position of the epitope recognized by the P1.4 antibody, although the epi- topes were recognized during immunoblotting. This result creates a situation similar to that for the "hidden" P1.7-2 epitope described by Wedege (35) which resulted from a 3-amino-acid deletion on the carboxy side of the epitope. NST isolates were relatively uncommon, accounting for only 156 (6.6%) of all serogroup B case isolates. This study identified three major reasons for the failure of monoclonal antibodies to recognize the PorA subtype in New Zealand's serogroup B case isolates. First, the range of monoclonal antibodies available for typing in our laboratory did not cover all of the possible PorA epitopes identified in the population. This deficiency accounted for most of the NST results. Second, sequence variations, including insertions or deletions around the VR2-4 region of PorA, prevented recognition by the P1.4 subtyping monoclonal antibody. Third, reduced PorA expression appears to have resulted in NST meningococci. The inclusion of additional serosubtyping antibodies in the panel, such as the P1.19 antibody, would have reduced the number of isolates for which the subtype could not be determined serologically. However, with the low numbers of NST isolates, genetic characterization with porA sequencing remains a suitable method to determine their porA types.
Gorla and coworkers (4) reported that case isolates from vaccine failures expressed low levels of PorA protein. However, these researchers showed that there was no association between a low level of PorA expression and vaccination status, as there were equal numbers of meningococci expressing low levels of PorA in immunized and nonimmunized children. Vermont and colleagues (33) showed that immune responses directed against meningococci with significantly different porA VR2 sequences were reduced, whereas responses against isolates with porA variants that had most of the VR2-4 sequence conserved were less affected. Whether people challenged with meningococci demonstrating the P1.7-2,4 deletions or the transcriptional variations detected in this study would be protected by anti-P1.7-2,4 antibodies induced by a strain-specific vaccine cannot be determined from this study but is currently being investigated. It is possible that alternative epitopes on the PorA protein, which are not recognized by anti-VR1 and anti-VR2 monoclonal antibodies, may induce functional responses that are normally overshadowed by antibodies against the VR1 and VR2 targets. Rouppe van der Voort and coworkers (18) observed that the serum bactericidal antibody responses in some vaccinees were dependent on the presence of loops 1 and/or 4, whereas some volunteers developed PorA-specific bactericidal antibodies which did not depend on loops 1 and/or 4.
Given that PorA is an important target for immune recognition and that meningococci have a number of ways to facilitate variation in the porA gene, it is surprising that the P1.7-2,4 PorA epitope has remained so stable over the 13 (24, 32) . The greater population density and the greater diversity of strains in these countries (23, 31) than those in New Zealand may have contributed to greater mixing of meningococcal DNA, allowing for the increased variety of PorA types.
The expression of P1.7-2,4 PorA by meningococci of serogroups other than serogroup B could not be explained by capsular switching following exchange of the gene encoding the polysialyltransferase, as was shown by Swartley and coworkers (25) . Instead, the PorA gene appears to have been transferred from meningococci belonging to the ST-41/ST-44 complex, lineage III, to meningococci from other clonal complexes. Group W135 and group C isolates with the P1.7-2,4 PorA epitope have also been obtained among isolates recovered from a throat carriage study in university students in Dunedin, New Zealand (unpublished data). It is likely that anti-P1.7-2,4 PorA antibodies induced by the strain-specific vaccine confers some protection against such meningococci. We have demonstrated that antibodies induced by the New Zealand strain-specific vaccine (MeNZB) prepared from NZ98/254 (B:4:P1.7-2,4) are bactericidal against the C:2b:P1.7-2,4 strain NZ96/211 (unpublished results).
Identification of New Zealand case isolates with sequence variation in the P1.4 epitope prior to a population-based introduction of a strain-specific vaccine is important. The fact that PorA variants to the epidemic type were rare and apparently unconnected suggests that they have not become established in the community. However, it is possible that if such variants are present within the population of meningococci and are being carried asymptomatically, immune selection could occur. In Norway, increased resistance to bactericidal antibodies induced by the Norwegian B OMV vaccine were associated with point mutations in VR2 (16) . However, Gorla et al. (4) , reported that point mutations were not a strategy used by meningococci in Brazil to escape antibody pressure. No variation in the P1.19 or P1.15 epitopes was identified in case isolates following immunization with the Cuban VA-MENIN GOC-BC vaccine (4) . Continuing intensive surveillance of New Zealand case isolates will ensure detection and monitoring of any variants that occur following vaccine delivery to the broader community.
